Presented are measurements of the W boson mass from the D and CDF collaborations at the Tevatron from the 1994-1996 run. The W events are produced in pp collisions at p s = 1 : 8 T eV. The W mass extracted from W ! e decays at D is determined to be 80.45 0.12 GeV; and from W ! decays at CDF is 80.43 0.16 GeV.
Introduction
The W boson mass is given, at lowest order, in terms of the electromagnetic coupling constant , the Fermi constantG F , and the Z boson massM Z where cos W = MW MZ and at lowest order R is zero. At higher orders of perturbation theory R depends upon the masses of the particles in the W self energy diagrams. Thus, in the context of the Standard Model 1 a precise measurement o f the top quark mass and M W provides a constraint on the unobserved Higgs particle mass. Likewise, in the event of new particles, R is modi ed by the masses of these particles. Therefore, a precise measurement o f M W provides a constraint on new physics 2 .
Overview
In pp collisions at p s = 1 : 8 T eV the W events are mainly produced through quark-antiquark annihilation. The initial momentum of the pp system in the transverse plane is approximately zero. Therefore, the sum of the momentum in the transverse plane after the W is produced and decays is also zero. The W events used to measure the mass are only the events which decayed into leptonse; . Thus, any momentum imbalance in the transverse plane is attributed to the neutrino. The longitudinal component of the neutrinos momentum cannot be determined because of the particles not observed along the beam line. The W mass is extracted from a t to the kinematic distribution of its decay products. For this paper the mass is extracted from a t to the transverse massm T . The transverse mass is given by equation 2 m T = q 2p l T p T 1 , cos 2 where p l T is the charged leptonl = e; transverse energymomentum, p T is the missing transverse momentum, and is the angle between p l T and p T in the transverse plane. In practice what is measured is the angle and energymomentum of the charged leptonp l T and u T , which is the vectorial sum of all the energies in the transverse plane except forp l T . The missing transverse momentum is given by p T = , u T + p l T and is attributed to the neutrino. The m T does not have a simple analytical form and therefore a fast Monte Carlo is used to provide m T lineshapes as a function of the hypothesized W mass. The fast Monte Carlo can be divided into two parts: the theory section and the detector simulation. The theory portion involves the production and decays of the W. The initial p T of the W, due to gluon radiation, is given by the calculation in reference 3 . Also included are the decay o f t h e W to leptonsW ! l 4 , radiative decaysW ! l 5 , and the indistin-guishable backgroundW ! !l.
The shape of the m T distribution is a ected by the detector resolutions. The resolutions in the fast Monte Carlo are taken directly from data and will be discussed in sections 4 and 5.
This paper presents measurements of the W mass from D 6 based on W ! e decays and from CDF 7 based in W ! decays.
Event Selection
The event selection for both analyses are quite similar. Both require that p l T 25 GeV, 
Charged Lepton
One can see from equation 2 that in order to model m T properly one needs to measure the momentum of the charged leptone; t o a v ery high precision. Similarly the resolution of the lepton momentum has to be known in order to model the observed m T spectrum.
D
The energy of an electron 1 is measured using the uranium-liquid argon calorimeter of the D detector. The functional form the energy response has been measured at a test beam to be: E = E + whereẼ is the measured energy, E is the true energy, and and are constants. The electromagnetic decays of the 0 and J=are used to constrain and the Z resonance is used to measure . The error on the W mass due to the uncertainty on the electromagnetic energy scale is 65 MeV and is dominated by the statistical error on the Z.
The width of the Z resonance is used to measure the energy resolution of the electrons. Since 1 The D detector does not have a central magnetic eld and therefore electrons and positrons will be generically referred to as electrons. the natural width of the Z is so precisely determined any additional resolution on the mass is due to the resolution of the leptons. The error on the W mass due to the uncertainty in the electromagnetic energy resolution is 20 MeV.
CDF
The momentum scale of the muons is set using J= ! decays. A sample of 250k events is used to calibrate the central tracking chamber. The simulation of the J=lineshape includes the e ects of B decays and QED corrections.
The momentum scale calibration needs to be transferred from the low p T muons from the J= events to the high p T muons from the W decays. To this end the mass of the dimuon sample is binned in 1 p T . A systematic error is assigned to accommodate a slight dependence in 1 p T . A cross check using the resonances and Z mass is shown to be consistent within the errors. The error on the W mass due to the uncertainty o n the momentum scale is 40 MeV.
Hadronic Recoil
The p T is determined from the charged lepton momentum andũ T , whereũ T is the sum of all the calorimeter cells except those occupied by the charged lepton. The hadronic energy in a W event is assumed to have a symmetric and asymmetric component. The symmetric component i s due to the energy ow from the spectator partons in the interaction, calorimeter noise, and energy from previous interactions. The asymmetric component is due to the gluon radiation which results in a nonzero p T for the W .
Hadronic Recoil Response
Since the p T of the Z can be measured from the leptons p Z T directly and from the calorimeter u T one can use this to study u T . In this way the response of the hadronic calorimeter is measured with respect to the lepton momentum energy response. One de nes u T = R res p Z T where R res is the hadronic response function.
In order to minimize the e ect of the lepton resolutions a coordinate system is de ned for which an axis is given by the angular bisector of the lepton directions in the transverse plane. The sec- is made for energy ow di erences between Z and W samples used in the analysis. The error on the W mass due to the uncertainty on the hadronic response and resolution is 40 MeV.
CDF
In a similar vein the hadronic response and resolutions are determined for W ! data. The hadronic vector u T is given by ,u T = 1 , p Z T + . The value of is measured from the -balance of Z events. The components of the hadronic vector p Z T are smeared according to their scalar E T P E T with resolutions determined from minimum bias data. The resolution parameter is taken from Z and minimum bias data. The value of depends upon the instantaneous luminosity of the event. The instantaneous luminosity is related to the P E T of the event and therefore to the resolutions determined from minimum bias data. The error on the W mass due to the uncertainty on the hadronic response and resolution is 90 MeV. Once the lepton momentum scale, the lepton resolutions, the hadronic recoil scale and resolutions have been measured the W mass can be extracted from the t to m T 2 . Figure 1 shows the t to the m T distribution from W ! e decays from the D detector. The W mass is 80:45 0:07 GeV where the t has a 2 = 77 for 59 degrees of freedom. Figure 2 shows the t of m T for W ! decays from the CDF detector. The W mass is 80:43 0:10 GeV where the t has a 2 = 62 for 69 degrees of freedom. Table 1 lists the uncertainties on the W mass due to the various sources for the D and CDF measurements. 
